Unified modeling language (UML) is a modeling standard in the software industry. However, students face difficulties when learning how to model complete and correct UML diagrams, in part because the traditional teacher-centered approach still dominates in computer science. In an attempt to bridge this gap, and to improve the effectiveness of teaching and learning in computing courses, educators use strategies that encourage students' active participation in the learning process. The goal of this paper is to understand how active learning strategies influence the teaching and learning process of UML diagrams. We performed four case studies in undergraduate courses at two universities. We collected: (a) students' perceptions of each strategy through questionnaires and focus group sessions; and (b) instructors' perceptions of the challenges faced in using such strategies through semi-structured interviews. We found fifteen factors that influence the active learning of UML diagrams. Whereas the literature shows that students often positively respond to active learning strategies, our results show that some students have had negative responses to the new strategies. Additionally, we identified four challenges that instructors may face when employing active learning strategies. The contributions of this paper include: factors perceived by students about how active learning strategies influence the learning of UML diagrams, the challenges and difficulties faced by instructors in applying these strategies, and suggestions on how to circumvent challenges noted by instructors.
I. INTRODUCTION
The capacity to abstract has become one of the most important skills in Computer Science courses [1] , [2] since it enables an in-depth understanding of specific concepts or problems using different detail levels [1] . With abstract thinking, students and professionals can analyze and design models used during software development [1] , [2] .
Unified Modeling Language (UML) [3] has been adopted as a standard modeling language in the software industry for the graphical representation of design models [4] using diagrams. Despite this status, UML has been criticized for semantic inconsistencies, inadequate notations, The associate editor coordinating the review of this manuscript and approving it for publication was Xiaobing Sun . and ambiguous diagrams and constructs [5] , [6] . Instructors and researchers reported that students creating theses diagrams experience difficulties [7] , [8] related to understanding the diagram syntax and semantics [8] , organizing information on the diagrams [6] , using associations of generalization-specialization type [6] , [8] . These challenges can affect the final software quality since the diagrams may incompletely and incorrectly represent the software under development [8] , [9] .
These difficulties may be caused by the way that UML has been taught [9] - [11] . Most instructors conduct a teachercentered learning environment to present theoretical concepts to students. The complex nature of Computer Science courses prevents instructors from easily finding a pedagogical approach that meets students' needs, resulting in an VOLUME 7, 2019 This work is licensed under a Creative Commons Attribution 4.0 License. For more information, see http://creativecommons.org/licenses/by/4.0/ inefficient learning experience [12] . Thus, there is a gap between the abstract concepts taught in the classroom and the skills necessary for students to succeed in the industry [13] . Instructors need pedagogical strategies that provide students with a challenging environment and actively involves them in the learning process [14] . A promising approach that is gaining space in Computer Science is Active Learning (AL) [15] , [16] . According to Bonwell and Eison [17] , ''active learning'' is typically defined by educational researchers as learning that requires students to engage cognitively and meaningfully with the courseware, so they are ''involved with the information presented, really thinking about it (analyzing, synthesizing, evaluating) rather than just passively receiving it''. Active learning provides opportunities for learners to critically think about the content through a range of activities that help prepare learners for the challenges of professional situations [18] . In this paper, we use the term ''active learning strategies'' to refer to the vast collection of instructional or learning activities from which instructors can choose (e.g., reading, solving problems).
Extensive research has shown that active learning strategies are more effective than traditional lectures for promoting a wide range of desirable educational outcomes, including greater student learning and better retention in undergraduate science, technology, engineering, and mathematics (STEM) courses [16] , [19] , [20] . These strategies strongly link to modeling teaching, as they enable students to (a) elaborate multiple solutions to a given problem [21] , [22] ; (b) improve teamwork skills [22] , [23] ; (c) improve the oral and written communication skills used to model the diagrams [22] , [23] . However, a few papers describe the use of these strategies in the teaching of software modeling. Teaching software modeling is important because it helps students to develop an abstract-thinking mentality and to comprehend the concept of designing the components (objects) of a system [24] . This paper aims to understand the influence of active learning strategies on teaching UML diagrams. We do not present the strategies themselves, but rather how students and instructors perceive their use, what challenges they face in the process, and the lessons learned. To guide our research, we designed the following research questions: RQ1: How do undergraduate students perceive the active learning strategies employed during the teaching of UML diagrams? RQ2: What challenges do instructors perceive when using active learning strategies while teaching UML diagrams?
To answer our research question RQ1, we qualitatively analyzed the data collected from questionnaires and focus groups [25] conducted in four classes from two different universities from Brazil: Federal University of Amazonas (UFAM), and State University of Maringá (UEM). This enabled us to better understand the difficulties and benefits perceived by the students when using these strategies.
To answer RQ2, we conducted semi-structured follow-up interviews with instructors to investigate the challenges encountered when incorporating active learning strategies into the classroom. All data were analyzed using coding procedures [26] .
The remainder of this paper is organized as follows: Section 2 presents the background and related works; Section 3 describes the case studies; Section 4 shows the qualitative results; Section 5 presents a discussion of the qualitative results; Section 6 shows the limitation; and, finally, Section 7 presents the final considerations and future works.
II. BACKGROUND AND RELATED WORK
This section provides a brief introduction to the background and related work.
A. TEACHING SOFTWARE MODELING
According to Agner and Lethbridge [27] , modeling is a key activity in software development that has transformative potential if it is more widely and better used. A diagram is an abstract description of a problem that can be used to represent a possible solution [27] . UML diagrams are the main artifacts used to support brainstorming, analysis, and design, as well as to create system code [1] . UML is a diagrammatic notation that is widely used in the software industry as a language for specifying systems [28] , [29] . For this reason, UML is used in academia as a tool for modeling systems and teaching objectoriented paradigms [28] , [29] .
However, teaching UML is a challenge for Software Engineering instructors due to the complexity of the modeling concepts [28] , [29] . Besides, instructors face difficulties in using consistent teaching and learning strategies that align theory and practice so that students may have experienced similar to those of their future professional life [30] . The literature also reports that teaching specific content like software modeling through traditional lectures that use only theoretical lessons can be limiting and can fail to build students' professional skills [6] . This is partly because the lectures focus on acquiring technical knowledge through heavy workloads, rather than prioritizing active learning and integrating knowledge and skills more aligned with the professional reality [31] . To improve this scenario, the software engineering education community has dedicated a significant amount of effort to develop new pedagogic strategies that make teaching more attractive to students, mostly based on active learning strategies [27] .
B. ACTIVE LEARNING STRATEGIES
To mitigate these problems, educational researchers suggest using active learning strategies aiming to provide students with new experiences and learning opportunities, improving students' overall learning [32] . A body of literature evidences the advantages of using active learning in the undergraduate curriculum in courses such as Mechanical Engineering [32] - [34] , Engineering Systems Design [35] , [36] , Mathematics [37] , [38] , and Physics [39] , [40] . Several studies show that active learning strategies are often more effective than traditional lectures to promote a wide range of desirable educational outcomes, including greater student learning and better retention in STEM programs [16] , [19] , [20] .
Active learning is founded in social constructivism: students build knowledge through interaction with ideas, concepts, materials, and other artifacts [41] , [42] . Teaching using active learning strategies require a change in how students acquire knowledge and conceptual understanding, countering passive learning. Junhua [41] and Briggs [15] argue that the constructivist view developed in active learning strategies aims to create teaching experiences that: (1) help students build a deeper understanding of theoretical concepts in connection with practical experiences; (2) facilitate the development of student skills; and (3) develop students' capabilities and dispositions to engage in collaborative projectbased research and critical thinking.
Students assume a central role and take responsibility for their own learning by employing active learning strategies during classes -they must discover some of the knowledge necessary to carry out the work [43] . The instructor, acting as a facilitator, facilitates learning and works as a guide in this process. Students genuinely invest in learning and developing skills such as responsibility, teamwork, and the ability to synthesize learned concepts [16] .
C. RELATED WORK
Instructors can use active learning strategies to engage students in classroom activities by making them active stakeholders of the learning process. Below we report some works in which the authors used active learning strategies to teach software modeling to undergraduate students.
García-Holgado et al. [44] implemented an active learning strategy based on projects to increase the success rate of software engineering students. Students worked on developing an analysis model (use case model and problem domain models) of a specific topic. The authors noticed an increase in the student success rate from 41.71% to 63.89%, reporting that, although they only applied it in a specific context, the experience can be adapted to similar contents in other degrees and universities.
Scanniello and Erra [45] used a strategy based on Think-Pair-Square while creating use case diagrams. In this strategy, the students started with individually modeling (Think), then worked in pairs (Pair), and finally worked in a group with an even number of students (Square) of four or more. The authors realized that use case diagrams improved as students moved from one stage to another of the process, and students improved their ability to work collaboratively.
Fioravanti et al. [46] reported their experience applying a Project-Based Learning (PBL) strategy combined with project management to create an environment in which students deal with managers and other stakeholders. The goal is to bring students closer to real-life experiences by developing a software project in the context of business modeling. The authors reported that including PBL in the classroom brings innovation and dynamism in modeling teaching. Unlike traditional lectures, PBL instigates students to take a proactive role and to be responsible for acquiring new knowledge. In general, students were enthusiastic and had positive perceptions about PBL and the importance of using real problems.
Similarly, Silva et al. [47] carried out an empirical study that investigated the influence of two active learning strategies: Problem-based Learning, and Learning from Erroneous Examples, in the teaching of UML diagrams. The authors concluded that the diagrams created using the two strategies presented similar levels of correctness and completeness. The qualitative results showed that both strategies helped in understanding the concepts of diagrams and improved the interaction among the team. However, the team size made the learning of the diagrams difficult.
The studies presented in this section focus not on the strategies used but on how instructors and students perceive these strategies during teaching processes. However, we noticed that only the last work presents qualitative results regarding the perception of the students on the strategies, reporting the benefits and drawbacks. Also, to the best of our knowledge, no studies analyzed the instructors' challenges and lessons learned when employing active learning strategies during software modeling teaching. It is worth investigating these challenges so that instructors can understand the use of these strategies from students' point of view as well as other instructors.
III. RESEARCH METHOD
The main goal of this study is to understand the influence of active learning strategies in learning UML diagrams. We conducted a qualitative study to analyze instructors' and students' perceptions about these strategies. By understanding the factors prevent or help students achieve learning goals when employing active learning strategies, we can help instructors understand how these strategies can be used in the context of software modeling education. To achieve our goal, we followed the method presented in Fig. 1 and explained in this section. 
A. CHOICE OF TEACHING STRATEGIES
To support instructors choosing the appropriate teaching strategy, we considered the strategies identified and curated in a Systematic Literature Mapping (SM) that we conducted previously [48] . From this SM, we identified technologies that have leverage any active learning strategy in their theoretical background. The learning strategies used were curated and catalogued in a web portal called OpenSMALS. 1 (Open Repository for Software Modeling Teaching from Active Learning Strategies). The portal aims to assist instructors in choosing one or more strategies to use in the classroom, providing specific guidelines on how instructors can apply these strategies, modeling scenarios provided by other instructors, assessment questionnaires, among others. In addition, the tool offers a courseware repository that aims to help instructors apply the strategies, by offering, for example, modeling scenarios provided by other instructors or evaluation questionnaires. The web portal contains all the information about all strategies implemented in the courses by instructors.
At the initial stage of our research, instructors used this tool to select the strategy they would apply in their courses. The strategies selected by each instructor are presented in Table 1 . Although it is part of the strategy, in this paper we do not discuss the choice of strategy.
B. PARTICIPANTS
The study was carried out in two Brazilian universities: State University of Maringá (UEM) and Federal University of Amazonas (UFAM). The study involved four instructors and 100 students. Table 1 presents an overview of the participants of this study.
Regarding Class A and Class B, the lectures took place in the first semester of 2018 at UFAM in Manaus-AM, Brazil. Both courses are part of the 5th term (senior year) of the curriculum and are the students' first contact with software modeling in the major. In these lectures, the instructors presented the concepts about Use Cases (UCs) modeling: diagram and textual description. After that, the students received an assignment to exercise a little more about the concepts taught. Class C and Class D lectures happened in the second semester of 2018. In Class C (UEM), students also had their first contact with software modeling in the Software Engineering course. In Class D, students had already learned 1 https://sites.google.com/site/activelearningmethods/ software modeling and applied the concepts learned in a practical assignment in a previous course. These lectures had focused in: (a) presenting the fundamentals of software modeling, as well as the concepts of object-oriented analysis and design; (b) practicing the concepts using UML. To identify the students, we created an identifier, P##C, in which ## is a unique number for a student, and C represents the class they belong to. For example, P01A refers to student 01 from Class A. All the instructors have more than 12 years of experience in the software industry, and they have more than seven years of experience in teaching software modeling. Regarding the active learning strategies, all the instructors employed active learning strategies in the class, for example, Problem-Based Learning, Project-Based Learning, Flipped Classroom, and others. However, the strategies chosen by the instructors were new to them at the time of the study.
It is important to emphasize that the students voluntarily provided the data for our research. When instructors provided the consent form approved by the research board committee (process 2.545.694), the students were told that they could opt-out at any point, but they should carry out the assignment, which was part of the course grading schedule.
C. DATA COLLECTION
In order to compare the strategies, we applied post-modeling questionnaires aiming to evaluate the students' self-perceived learning. The students provided their answers in a 5-point Likert Scale, with options ranging from ''I Strongly Disagree'' (−2) to ''I Strongly Agree'' (2), with a neutral option.
The questionnaire items, presented in Table 2 , were based on the dimensions of learning [30] , [49] . Items 01 and 02 aimed at evaluating whether the strategies contributed to course learning outcomes; we designed items 03 to 08 according to Bloom's Taxonomy learning levels [50] ; and items 09 to 18 aimed to assess the overall positive attitude toward the strategies [51] , [52] .
After answering the questionnaire, we invited all students to participate in focus group sessions [25] . All the students volunteered. Focus group is a technique for collecting qualitative data through group interviews [25] . The focus group configuration enables investigating on a specific topic, mediated by a moderator, in which the participants provide their answers and discuss others' ideas, enriching the information obtained [25] .
We split the focus group sessions into three steps. In the first step, we used a dynamic of lovers X haters [53] to encourage students to present their negative views. In this dynamic, we group volunteer students into teams, and each team has a predefined role during the discussion (see Fig. 2 ), in which lovers should argue in favor of the strategies, and the haters against them. At the beginning of the session, we defined the roles of each team (lover or hater) by lottery. After this, (second step) each student used colored sticky notes to write the difficulties, positives and negatives aspects, or questions that they had when creating the model. Next, (third step) each student from each team placed their notes on a whiteboard (see Fig. 3 ) and explained them. The moderator asked the other students to comment on whether or not they agreed with the colleague's opinion. Each session lasted 1h30m, and all information from this session was video recorded by the moderator, with the consent of the participants who were present.
After the instructors employed the strategies, we conducted semi-structured interviews, which consisted of a mixture of open-ended and specific questions designed to elicit anticipated and unexpected information types [54] . In this kind of interview, the questions are planned, and we seek to answer them, but they are not necessarily asked in the same way or the same order as they are listed [55] . We designed our interview script according to the literature recommendations [54] , [55] . To meet the ethical requirements, the research goal was explained to each instructor, and a consent form was applied, guaranteeing the confidentiality of the data provided and the anonymity of the instructor. The interviews were performed individually, within the expected time (between 15 and 30 minutes). The researchers did not rush the interview and the interviewee was able to express herself/himself in a calm and uninterrupted manner. During the interviews, the instructor could express their perceptions about the use of the strategies during modeling teaching, as well as the challenges faced in applying these strategies.
D. DATA ANALYSIS
Our analysis was exploratory, aiming to generate new insights and provide us with a better understanding of the problem. We qualitatively analyzed the transcription of the answers following coding procedures [26] . The goal of the qualitative analysis was to code, categorize, and synthesize data, towards to identify the difficulties and benefits perceived by the students and instructors after using the strategies. Initially, we verbatim-transcribed all audio from the focus groups. We used Atlas.ti to support data analysis and synthesis. Data analysis began with open coding of the transcripts. Thus, we created codes (relevant concepts for understanding the perception about the learning strategies) related to students' answers (participants' quotes). We created post-formed codes as the coding progressed and attached them to particular pieces of the text. After this, we analyzed and grouped the codes according to their properties, forming concepts that represent categories (Fig. 4) . The analysis was conducted by the first author and discussed with the other authors in multiple meetings. We followed this process to mitigate any potential bias in the coding process. The following subsections present more detail about the qualitative results.
IV. RESULTS
In this section, we present our results according to the research questions.
A. RQ1: HOW DO UNDERGRADUATE STUDENTS PERCEIVE THE ACTIVE LEARNING STRATEGIES EMPLOYED DURING THE TEACHING OF UML DIAGRAMS?
To answer this RQ1, we first analyzed students' responses to our questionnaire about the perceptions of the students on the strategies employed. After that, we analyzed the students' comments during the focus group session and identified factors that positively or negatively influenced the use of the strategies. Figure 5 presents the perceptions of the students about their learning experience when using active learning strategies. We grouped the perceptions of the students about each of the strategies. Regarding the ''factual dimension'' of Bloom's taxonomy (items 3 to 8), most of the students agreed that the learning strategies positively contributed to learning. For the item that assessed whether the learning strategies contributed to learning (item 01), we obtained a good agreement level for 4 out of 5 strategies (91.7% agreement for Inspection-Based strategy, 81.1% agreement for Think-Pair-Square, 76.2% agreement for Negative Examples, 60.70% agreement for Positive Examples). The only contrasting result was for Similar Systems, for which only 46.4% of the students agreed. The Similar Systems strategy obtained the worst performance among all the strategies for the item that evaluates whether the learning strategies help in correctly modeling a diagram (item 07), with 21.4% disagreement. This discordance may relate to the fact that the learning strategy must have been used only to create diagrams. Overall, the results show that the use of these learning strategies promoted a good perception for the students, especially in terms of remembering, interpreting, and applying concepts.
1) STUDENTS' PERCEPTIONS ABOUT THE STRATEGIES
Concerning attitudes, the Inspection-Based strategy evidenced the highest agreement levels. We noticed that more than 90% of the participants agreed that the strategy was useful for learning (item 15) and that they (students) participated more actively (item 16). However, we noticed that in item 09 (motivation to learn), a large number of students remained neutral (44.4%). Despite this, according to students' perceptions, these strategies contributed to the learning of diagrams. Regarding the Similar Systems strategy, we noticed a large number of participants disagreeing or remaining neutral when asked whether the strategy motivated them to learn (item 9); and if they (the students) felt more connected to their peers (item 11). Besides, more than 50% of the students remained neutral because they did not have a good experience in learning to model using this strategy (item 18). This shows that the Similar Systems strategy did not stand out as more efficient for creating diagrams.
2) QUALITATIVE RESULTS ON THE PERCEPTION OF STUDENTS ABOUT THE STRATEGIES
After analyzing the students' perceptions, we qualitatively analyzed their comments during the focus group session. We found five main factors identified in the qualitative study on active learning strategies (see Table 3 ).
a: POINTS OF VIEW DURING MODELING (FIRST FACTOR)
When we analyzed the data, we noticed that the strategies directly influenced the students' perspectives during the modeling of the solution. This factor relates to students' capacities to work in teams, in which there are different perspectives and in which team members express their point of view about the problem during modeling. This factor comprises benefits (a and b) and difficulties (c) perceived by the students (see Table 4 ): (a) the strategy enables team members to make decisions together during modeling; (b) the strategy allows different perspectives on the problem, and (c) difficulty in converging the ideas of team members. We highlight these subfactors when presenting the specific results in the tables.
b: COLLABORATIVE LEARNING (SECOND FACTOR)
The strategies assisted students who had difficulties in modeling to learn from other more experienced students, improving the quality of the collaboration, and encouraging students' communication and active contribution. Under this category, we identified three benefits of using active learning strategies (see Table 5 ): (a) the collaboration made it possible to create a more detailed diagram; (b) the interaction with the team improved learning; and (c) the strategies provided the opportunity to learn how to work in teams. 
c: SUPPORT DURING MODELING (THIRD FACTOR)
Students also reported positive and negative points related to the support provided by some of the strategies during modeling (see Table 6 ). This category included four factors: (a) the strategy guides students during modeling; (b) the strategy supports students in identifying defects during modeling; (c) the strategy does not support students during modeling; and (d) in the strategy, there is a lack of moderator in the decision-making groups. From these factors, a and b are benefits, while c and d are difficulties perceived by students. 
d: THE STRATEGY ALLOWS THE STUDENT TO RECEIVE FEEDBACK (FOURTH FACTOR)
From the results, we realized that the feedback provided was considered essential by students to improve modeling and can be a significant factor in students' motivation. We identified positive and negative aspects about feedback (see Table 7 ), which relate to the Inspection-Based strategy, since, among the strategies employed by the instructors, only this one has an explicit feedback step. We found that (a) the strategy makes it possible to receive feedback from the problems identified by the other teams, and (b) there was a lack of communication/interaction between teams (modelers and inspectors).
e: ABSTRACTION AND PROBLEM SOLVING (FIFTH FACTOR)
When we analyzed the data, we noticed that the Similar Systems strategy influenced students in abstraction and problem-solving (see Table 8 ). This category included three factors: (a) the strategy makes it possible to better abstract the problem; (b) the strategy integrates theory with practice; and (c) the strategy does not allow abstracting new scenarios. 
B. RQ2: WHAT CHALLENGES AND BENEFITS DO INSTRUCTORS PERCEIVE WHEN EMPLOYING ACTIVE LEARNING STRATEGIES WHILE TEACHING UML DIAGRAMS?
We conducted follow-up interviews with the instructors to bring more in-depth insights and answer our RQ2. The points raised during the interviews helped to understand some challenges and encouraged suggestions on how to deal with them. During data analysis, we found that the students also mentioned the challenges reported by the instructors in the focus group session. The challenges identified were: (a) students need to have prior knowledge about the content to be taught; (b) instructors need to be careful when setting the difficulty level of the scenarios used; (c) instructors need to accurately define the time to apply the strategies; and (d) instructors need to take care in developing the materials required to implement the strategies.
The first challenge (students need to have prior knowledge about the content to be taught) was identified during the application of three out of the five strategies: Inspection-Based strategy, Think-Pair-Square, and Similar Systems. We present the students' and instructors' comments on this challenge in Table 9 . When asked about this first challenge, the instructor I01 commented that after applying the strategy s/he realized that the moment chosen for use with the students was inconvenient. The second instructor (I02) said that before applying the Similar Systems strategy, the students gave feedback that they had several questions about how to carry out the modeling of the use case. According to the instructor (I02), the students were able to better understand it after a lecture that clarified the questions about modeling.
We also observed that the instructors need to be careful when setting the level of difficulty of the scenarios used. This problem was reported by the students while using the Inspection-Based strategy, and the instructor observed this problem while employing the Think-Pair-Square strategy (see Table 10 ). Regarding the comment of the P11A, this occurred because the instructor selected a real-life development scenario as the starting point. This affected the students during modeling. When asked about the scenarios used, I01 commented that as the scenario is real, this has directly affected the use of the strategy in the classroom.
Still regarding the Inspection-Based strategy, the instructor I04 commented that as a consequence of using a real scenario, s/he had to plan another lecture to finish the application of the strategy, demonstrating the third challenge (instructors need to accurately define the time to apply the strategies- Table 11 ). This challenge was also perceived by I03 when employing Negative Examples, and by students using Positive and Negative Examples.
When we asked instructors about the future use of Inspection-Based strategy, I01 commented that they could adapt the scenarios according to the strategies: ''I could use simple problems, minor problems, then students would solve them faster. This happened for both strategies, especially Think-Pair-Square because it requires a much longer application time than the first one.''
Another challenge we observed is that the instructors need to be careful in developing the courseware needed to implement the strategies (see Table 12 ). I02 developed examples in a table format when they applied the Positive Examples and Negative Examples strategies. However, the students disagreed on whether this was the most appropriate way to present these strategies. Thus, P10B reported that they did not consider these strategies useful and did not use the tables developed by the instructor. I03 employed Negative Examples in his class, and instead of using a table, they showed the negative examples in alreadymodeled diagrams. Although the instructor did not like having to prepare the drawings for the problems, s/he added, ''it's not a lot of effort if we think that we usually spend an almost whole day to prepare a two-hour class, so it was not that much effort. '' In addition, instructors reported some benefits of using active learning strategies during teaching software modeling. The benefits identified were: (a) students were feeling more engaged/challenged when using the strategies, and (b) strategies enable students to develop more complete and correct models (see Table 13 ). 
V. DISCUSSION
The results of this study encourage discussions in different directions and hold practical implications, particularly concerning instructors who seek to use teaching strategies based on active learning. The most important implication may be to emphasize the myriad ways in which instructors can employ active learning strategies in the process of teaching software modeling.
Regarding the results of the study with students, we noticed positive results regarding the ''factual dimension'' of Bloom's taxonomy [50] and a positive ''attitude toward learning'' when they used active learning strategies. We also perceived that, among the strategies used, the Inspection-Based strategy was the best from the perspective of the students, considering the results in Figure 4 and our qualitative results. This may relate to the fact that this strategy allows students to receive feedback during its application. According to Cooper [56] , feedback is essential for the students to understand where the models need to be improved and, most importantly, why the models are considered high quality or not.
This strategy (Inspection-Based) is based on two fundamental principles of active learning: doing and reflection. The importance of these elements is emphasized by John Dewey [57] , who states that: ''methods which are permanently successful in formal education . . . give the pupils something to do, not something to learn; and the doing is of such a nature as to demand thinking, or the intentional noting of connections.'' These elements are also present in Kolb's learning cycle: action and reflection. According to Schon [58] , the importance of action and reflection is that they ''[help] students become proficient in a kind of reflection-in-action; and. . ., it involves a dialogue of coach and student that takes the form of reciprocal reflection-inaction.'' Schon [58] adds that when the strategies use this type of approach, the instructor does not need to teach the student to gain more knowledge; instead, it is enough to use this strategy as a form of training to improve learning.
Our results align with the results reported by Liu et al. [59] , who showed improved student learning when using teaching strategies with feedback steps. Besides, we perceived that inspection activities helped the students to have a better understanding of the concepts taught in the class. The students reported that the feedback provided by the inspection stage allowed them to gain insight into modeling, and to find errors that were overlooked by the team members. The inspection activity improved students' understanding of the defects that should be avoided during the construction of UML diagrams. We have identified the use of checklists with students to identify defects in the models systematically.
These results are corroborated by the studies of Cooper [56] , Hilburn [60] and Silva et al. [47] . In all these studies, we identified several positive results of the use of inspection in Software Engineering Education, for example, the reduction of the number of defects in the models elaborated by the students. The authors realized that, after performing the inspection phase, students could better understand the concepts, and that identifying errors prevents students from repeating them in future modeling. When combining strategies that are focused only on ''doing'' and ''reflection'' strategies, students tend to achieve learning objectives during the teaching of software modeling more effectively. Shekhar et al. [61] commented that when the strategy allows students to interact with each other, medium to high student engagement levels was observed. On the other hand, instances with low instruction participation consistently received low student engagement.
However, concerning Similar Systems, we observed a high rate of disagreement (and neutral feedback). This may be associated with the moment the strategy was applied: the timing. In the case of this strategy, the students of Class B had been previously exposed to two teaching strategies (Positive Examples and Negative Examples). Apart from that, students commented that using this strategy was very difficult because of the high level of abstraction it requires -students need to abstract the scenario from an already developed system first, and then create the model. Students suggested using the strategy to train the knowledge about the content, not directly as a form of teaching the content. We believe that this is because when students had not learned the content completely, they possibly did not perform correct modeling at first.
Although the literature states that using different strategies in the teaching process improves students' cognitive levels, as reported in Silva et al. [47] and Vujović et al. [62] , in our results we realized that this might not be the case for all strategies or contents. Perhaps this has been influenced by the cultural context of our students and their educational culture since some students took a few courses that adopt active learning strategies, and others are used to learning passively [63] . These may have influenced the students' perceptions within the learning environment. We also observed that instructors may not be ready to use new teaching strategies. We identified some of the challenges they had in introducing these strategies in their classrooms through interviews. These challenges may hinder the application of strategies when teaching software modeling. Therefore, it is necessary to train the instructors beforehand, since their inability may negatively impact the strategy's implementation.
Constructivism implies that students must build new knowledge about their prior experience, which in the context of software modeling is important. However, the students' previous knowledge of the content, to which they began to formulate new knowledge, was not fully consolidated [64] . Therefore, what we perceive in the first challenge (students need to have prior knowledge about the content to be taught) is that students first needed to be more involved in the learning processes. We noticed that it is not appropriate to use these strategies early in the learning because it can confuse the students. Therefore, we recommend that, as a prerequisite for using these three strategies, the instructor needs to teach the concepts and to demonstrate practical examples so the student understands the notations of the diagram taught. Thus, active learning strategies would better support knowledge building and help the students during modeling [65] . The active learning strategies also address the issue of students having different knowledge levels because each student finds the best way to work and learn to contribute to the expected final result [19] .
According to Fioravanti et al. [46] , students are often unable to perform the activities because of the complexity of the scenarios used by the instructors. Therefore, concerning the challenge instructors need to be careful when setting the level of difficulty of the scenarios, since students may be confused with high complexity scenario, and fail to complete the modeling activity. This, in turn, overwhelms the instructors with various requests for help and assistance. This may occur even if the students are working in small groups in which collaboration and interaction among team members are present, as students do not feel as safe when the scenario is complex or based on a real system.
Highly related to this, we found that the instructors need to accurately define the time to apply the strategies (challenge 03). According to Port and Kazman [66] , it is difficult to predict the amount of time required to carry out active learning strategies. The authors commented that ''this seems to be highly variable and highly idiosyncratic (perhaps unmanageable because it depends on the skill levels of the individuals in the lectures and these vary widely.'' Almost all students are concerned with stress due to time and delivery of the modeling [68] , and, according to Aksit et al. [68] , students may complain that they were working under time pressure, hampering the final modeling. Students thus tend to prefer theoretical lessons over classes that use these strategies [69] . As a suggestion to this challenge, if the instructors wish to apply one of the strategies in only one class (lasting 40 minutes), it is best to use a ''toy scenario,'' whether the instructors create it or took it from a book, or, for example, to have students modeling only part of a particular scenario. Besides, in strategies whose steps are well defined, such as in Think-Pair-Square, the instructors must set a time limit for students to complete a first version of the model.
Finally, by employing these strategies in the classroom, instructors face the inevitable task of rethinking each class to make it more interactive, practical, engaging, and studentcentered [66] . Therefore, the instructor needs to put more effort into implementing these strategies (which leads to more pressure). There is more work, so the instructors need to be careful when developing the courseware required to implement the strategies (challenge 04). This step is paramount since, according to Aksit et al. [68] , most students complain about the lack of materials needed to apply the strategies. This could be a barrier to the implementation of some activities involving active learning, but certainly not for all, which results in an even higher workload for instructors. In this way, we realize that some strategies need some preparation to implement them. This may discourage some instructors from applying these strategies, because it requires more time to prepare the classes and it may not always elicit positive feedback from students, causing frustration and a temporary impediment to the instructor's adoption of new teaching strategies. Thus, we suggest it could be interesting to create an online repository for the instructor to make available the materials and information necessary for other instructors to apply these strategies in their classes.
Prior works pointed a range of issues and factors on student's resistance on active learning strategies. We noticed that the results of the current study are also in parallel to the works presented by Baker and Hill [67] and Aksit et al. [68] . Similarly, in this study, the authors emphasized the following challenges: resistance to innovation; lack of interest; unacceptable learning methods to students; preference for traditional teaching methods; reluctance to change teaching approach; age-profile (that is, soon-to-retire academics are reluctant to change). According to Kenney-Kennicutt and Simpson [70], this student's resistance is the result of the shift in thinking about who has responsibilities for what actions and processes in the class. In this context, researchers have offered strategies to instructors to acknowledge and overcome this resistance, including active listening and response to student concerns [70].
VI. LIMITATION
Although we analyzed data from various sources and different classrooms, we likely did not discover all students' perceptions about teaching strategies, and we probably did not uncover all the challenges of instructors or provide full explanations of these challenges. We are aware that each classroom that applies the strategy has its singularities and that the universe of teaching software modeling using active learning strategies is massive. This means that the perceptions reported by the students and the identified challenges may differ according to the strategy or the class. This variety in the answers of the students may have been influenced by factors that directly affect the actual learning experience, for example, level of knowledge of the instructor (novice, beginner, experienced, or expert), and both student's and instructor's amount of orientation, training, and instruction with active learning strategies. Our strategy to consider different methods and different classes with different student profiles aimed to alleviate this problem by identifying the perceptions and challenges from multiple perspectives. Besides that, providing learners with a variety of active learning strategies will address their many learning needs based on their learning styles and placement in their learning process.
Another threat to the results' validity is the subjectivity of the classifications of the collected data. To mitigate this threat, we used an approach in which all analysis was based on the data collected. Besides, we exhaustively discussed the process of analysis along with two other researchers to promote better validation of interpretations through agreement.
During the focus group, when asking students to note their perceptions on colored papers and read them to other students, some of these perceptions could have been influenced in some way. To minimize this threat, we encouraged the students to provide their opinions and comments as sincerely as possible. Besides that, the physical organization of the classroom used and a large number of simultaneous discussions between teams in the focus groups probably hampered collecting richer data. In that sense, we asked the students to make only one comment at a time. We could have split the discussions into other focus groups sessions, but we could not make sure the participants would be available or committed to participate again.
In addition, during the interview, instructors were asked to answer questions related to the application of the strategies they chose. The interview script was semi-structured and therefore contained open items to capture the perceptions of the teachers on the strategies. To minimize this threat, the interview script was evaluated by two researchers. After the evaluation, a pilot interview was conducted with an instructor with previous experience in modeling teaching, to verify if the script would reach its goal. The results of the interview were evaluated together with another researcher, and there was no need to improve the script.
VII. CONCLUSION
The use of active learning strategies has been gaining prominence in computing courses. In this paper, we carried out several case studies to understand the influence of these strategies in the teaching and learning process of modeling UML diagrams. We collected qualitative data through questionnaires and focus group sessions conducted with students and semi-structured interviews with instructors. From the analysis of students' perceptions, we could observe that some strategies were more useful for students (Inspection-Based strategy, for example), while others were considered more complicated and not very useful (Similar Systems, for example).
Qualitative analysis allowed us to identify fifteen factors (benefits and difficulties) that influence the learning that employs active learning strategies, which were organized as follows: points of view during modeling (02 benefits and 01 difficulty); collaborative learning (03 benefits); support during modeling (04 benefits and 02 difficulties); feedback provided to students (01 benefit and 01 difficulty), and abstraction and problem solving modeling (02 benefits and 01 difficulty). The benefits and difficulties that we identified can help instructors choose the strategies to apply and students to achieve a specific learning objective.
We also identified some challenges reported by instructors when using these strategies: (i) students need to have prior knowledge about the content; (ii) instructors need to take care when setting the level of difficulty of the scenarios used; (iii) instructors need to properly define the time to apply the strategies; (iv) and instructors need to carefully develop the materials needed to implement the strategies. For each challenge, we suggest strategies to overcome them.
From the results of this study, some questions arose: did the size of the teams influence the results? Did team-formation influence group modeling? Would pair modeling be more effective, since decisions do not depend on consensus among many people? Were student profiles and learning styles factors that affected the study? As future work, we intend to carry out a complete evaluation to measure the effectiveness of the strategies concerning the learning process. In this paper, we aimed to analyze the various aspects of strategies, perceptions about motivation and perceived learning, and so on. We intend to carry out new studies with more students and in other contexts (different courses, different states, private and public educational institutions, night and/or day courses) to identify new factors that may influence the use of these strategies; in addition to new challenges faced by instructors when using these strategies, as well as suggest alternatives for how to minimize these challenges. 
